Introduction
It has been well recognized that children, affected by environmental exposures (1, 2) . because of their physiologic characteristics, In this paper we explore the evidence that are particularly susceptible to the toxic suggests that there are disparities in the diseffects of environmental pollutants. tribution of environmental pollution Furthermore, there is evidence to show among communities. We also explore that poor and minority children are in the asthma as a possible health outcome of segment of the population that is most environmental exposures in children, and
Disproportionate Distribution ofEnviromnental Pollution among Communiies
A number of studies have suggested that socioeconomically disadvantaged and minority communities suffer disproportionately from environmental pollution in the United States. These findings have sparked the environmental justice movement. One of the first studies to be published, completed by the U.S. General Accounting Office (3) , studied the racial and socioeconomic status of neighborhoods near four landfills in the U.S. Environmental Protection Agency (U.S. EPA) Region IV and found that in these neighborhoods most residents were African Americans (3) . Another study assessed the location of incinerators and landfills in Houston, Texas, and found that four out of five of these sites were located in neighborhoods where a majority of the residents were African Americans and Latinos (4) . One of the most frequently cited studies on environmental equity was authored by the United Church of Christ Commission for Racial Justice, first published in 1987 and updated in 1994 (5) . It found that people of color were 47% more likely than whites to live in ZIP codes that contain one or more hazardous waste facilities. These and other studies have fueled the environmental equity movement which has resulted in legislative actions and is the basis of sociopolitical activism in many communities throughout the United States (6) .
Various points of controversy have arisen regarding these studies, however. It has been argued that economics, not racial discrimination, has led to disparities in environmental burdens. It is possible that at least in some communities, many minorities may tend to move into areas near hazardous waste sites and polluting industries because these areas may have more affordable property values (7) . However, a study by the (19) . It is possible that although the overall quality of ambient air has improved, there is an uneven distribution of air pollution that may contribute to some of the increased rates of respiratory disease found especially among minority and poor children (1, 16, 17 (22) (23) (24) (25) (26) (27) (28) .
Epidemiologic studies link increased ozone concentrations with exacerbations of asthmatic symptoms (29, 30) . Controlled exposures to ozone concentrations at and below the current federal standard of 0.12 ppm, combined with moderate levels of exercise for several hours have resulted not only in pulmonary function changes and respiratory symptoms, but also in dramatic increases in inflammatory markers in bronchoalveolar lavage fluid (22, 23, 25) . Epidemiologic studies suggest that repeated exposures to ozone and other photochemical oxidants and particulates are associated with an accelerated decline in lung function and with symptoms of chronic respiratory disease (31, 32) . One recent study links oxidants (primarily ozone) and other air pollutants in Los Angeles, California, with daily mortality (33) .
Epidemiologic studies undertaken in a variety of locations indicate a relationship between outdoor air pollution and adverse respiratory effects in children. The pollutants most frequently implicated in these studies have been respirable particles (notably acidic sulfates) and ozone. Examples of health outcomes found to be correlated with air pollution levels include increased prevalence of chronic cough, chest illness, and bronchitis, hospital admissions for various respiratory conditions, and decrements in lung function (34) (35) (36) (37) (38) (39) . The prevalence of respiratory symptoms appears to be markedly increased among children with a history of asthma or wheezing (40) .
The indoor environment can also be an important source of allergens, specifically, house dust mite, cockroaches, animal dander, and molds. There is a strong correlation between the development of dust mite sensitivity and development of symptomatic asthma (41) . Sensitization and the development of asthma are more likely to occur among individuals exposed to greater than 2 pg/g of house dust (42) . Modifying homes and avoiding allergens has resulted in the reduction of asthma symptoms and bronchial hyperactivity (43) .
Combustion effluents from residential gas stoves, especially oxides of nitrogen (NO2) have been associated with respiratory symptoms and reduced lung function in populations of both healthy and asthmatic children (44) . There is also significant exposure to environmental tobacco smoke in inner city populations. In a recent study, investigators at Mount Sinai Medical Center (New York, NY) found that almost half the acute asthmatics in the emergency room come from households with smokers (45) . Cross-sectional studies have documented an association between passive cigarette smoke exposure and asthma symptoms (46, 47) . Martinez and co-workers found a relationship between passive cigarette smoke exposure and airway responsiveness in a population sample of 9-year-old children (48) . These data suggest that asthma and other respiratory symptoms can be reduced or ameliorated by taking actions that reduce population exposures to indoor as well as ambient air pollutants (17, 49 (58) . Clearly, more needs to be done to implement such parent education strategies.
Direct education of children can also reduce exposure to risk factors (59) . For this reason, various school-based approaches have been designed to specifically address the need of children to take control of their environmental health. For instance, the Open Airways for Schools asthma management curriculum designed by the American Lung Association is specifically geared toward helping children manage their asthma symptoms (60) . This educational program teaches asthma management strategies in a child-friendly manner, thus demystifying the disease by allowing children to understand the disease process, identify asthma triggers, and take some control of their own symptoms. It has been shown quite clearly that patient education improves compliance and is an important part of the control and treatment ofasthma (49, 61) .
Other approaches involve providing environmental education opportunities for the community as a whole using various strategies. Among these approaches is the use of specially trained social workers (62) and nurses (63) who go out into the community and provide a series of services and information. A problem with this approach is that it still relies on highly trained personnel to provide educational services. Very often this personnel comes from outside the community and will leave when funds for the research or intervention project are expended. To alleviate this problem, innovative approaches utilize indigenous outreach workers who are members of the target community and are specially trained to educate their peers (64, 65) . These train-the-trainer approaches may be better received by some communities because the special abilities and street smarts of the outreach workers are respected, acknowledged, and utilized to reach the populations at risk. Also, to effectively reach the population of interest, it may be important to tap into the wealth of community organizations, churches, and other residents of the community such as teachers and business owners who have day-to-day contact with the population at risk (12, 66 (53) . The goals of community activities may include increased community participation in research protocols from their design to their implementation, organization of forums and community-based symposia for the dissemination of study results, and community participation in public hearings and policy meetings with regulatory officials. In turn, academic scientists must learn to respect and value the knowledge and expertise that community residents bring to the design and implementation of solutions to environmental problems. This distinction of lay and professional ways of knowing has been described previously for epidemiologic assessments (69) (70) . A study of nurses yielded a similar result (71) . Compounding this lack of preparation of family practitioners, a majority of environmental and occupational health specialists feel that they need to increase their knowledge of environmental laws and that given the opportunity, they would do this through continuing medical education courses (72) . This data underscores the need for a strategy of bidirectional communication between scientists and medical providers with community residents. It has been proposed that community-based patient-physician alliances would serve to enhance mutual education (73) . This model appears to be especially applicable to environmental health education, as both the medical providers and community leaders may benefit from increased knowledge of environmental causes ofdisease.
Conclusions
Strategies for reducing respiratory disease morbidity in children have traditionally relied heavily on education. Most of this education has focused on control of dust and allergens in the indoor environment. There has, however, been a paucity of information available on the long-term success of educational interventions because of the multifaceted nature of this disease. Some studies have shown a small but beneficial impact on emergency room visits and hospitalizations for wheezing (74, 75) . Others have pointed to methodological problems in self-management research (76, 77) and in reaching the segment of the population that is most at risk (78) . Nevertheless, a number of community education approaches have been utilized in asthma intervention strategies with some degree of success. These include specialized training for health care providers (79) , education of environmental health officers (80) , and grass-roots community organizing (81) .
We argue that the disparities in the pollution burden in minority communities can begin to be alleviated by the empowerment of these communities, particularly the children, through education (55, 82) . There is evidence to suggest that partnerships between scientists and community organizations can spark effective activism for environmental equity. It has been documented that environmental health education that leads to community involvement is most effective when community leaders and scientists work together to influence the regulatory process and to design disease prevention strategies (83) . Because this approach is integrated into the fabric of the community it would be expected to become part of the everyday lives of community residents. This type of interaction has arisen sporadically, usually in response to acute, highly visible environmental threats.
We propose that a broader approach is needed in which community residents are involved in the design, implementation, intervention, and dissemination of research strategies to reduce diseases of possible environmental origin. The objective of increased community participation in the research process is to empower community residents to become active in the regulation of environmental pollutants in their neighborhoods by participating in the regulatory process and by the modification of behaviors that may reduce exposures. These activities will spark popular support for research, which may help in the allocation of funds for needed intervention efforts. This interaction will also foment a collaborative relationship between academic scientists and affected community residents so that these residents do not merely represent subjects in a study but are active participants and beneficiaries of the research endeavors. In addition, active participation of community residents will improve the effectiveness of intervention strategies to alleviate disease caused by environmental exposures.
Although much research has been undertaken to understand the contributions of ambient and indoor air pollution to childhood respiratory disease, efforts to translate research results into intervention are only beginning. The steadily increasing prevalence and mortality rates for asthma, particularly in inner-city communities, bear stark witness to this need. Several specific problems must be addressed. First, intervention efforts need to encompass outdoor as well as indoor air pollution; virtually all efforts to date have focused almost exclusively on the indoor environment. Second, future interventions must extend beyond academic health centers and become truly community based. Third, there is a need for more research in environmental inequity and its role in producing illness in segments of the population, and these research efforts must be subject to close evaluation and peer review. We anticipate that the inclusion of community outreach and education goals within academic settings will contribute to a unified effort for the application of advances in environmental health research to the needs of underserved populations and vulnerable children.
